ANV32AA3P

FEATURES
e Compatible with Serial Peripheral Interface (SPI)
e Supports SPI Modes 0 and 3

« Interface options with Single SPI, Dual SPI and
Quad SPI

« Interface options separately controlled for

Instruction, Address and Data
* Modes: Standard, Burst and XIP
* 108 MHz clock rate
* Block Write Protection

* Write Disable Instruction for Software Data Pro-

tection
* WRITE and Secure WRITE
* READ, fast READ and Secure READ
* 16 Byte User Serial Number
» Configuration and Status Register
* Low Power Hibernate (HIB <3uA) Mode
e Unlimited READ / WRITE Endurance
* Automatic Non-volatile STORE on Power Down

* Non-Volatile STORE under Instruction and HSB

Control
¢ Automatic RECALL to SRAM on Power-Up
e Unlimited RECALL Cycles
* 100k STORE Cycles
» 100-Year Non-volatile Data Retention
e 2.7V to 3.6V main Power Supply
¢ 1.65V to 1.95V I/O Power Supply
e« Commercial and Industrial Temperatures
« 24 Ball BGA Package (6 x 8)

¢ RoOHS-Compliant

1Mb Quad SPI nvSRAM
DESCRIPTION

The Anvo-Systems Dresden ANV32AA3P is a 1Mb
Quad SPI SRAM with a non-volatile SONOS storage
element included with each memory cell, organized as
128k words of 8 bits each. The devices are accessed
by a high speed Quad SPI-compatible bus. There are
different SPI options available: SPI, DPI and QPI. Addi-
tionally, in single SPI mode the address bytes and/or
the data byte(s) can be clocked in using dual or quad
interface. The ANV32AA3P is enabled through the
Chip Enable pin (E), accessed via serial clock (CLK)
and 3 operation modes either with single serial data
input (SI) and single serial data output (SO) or dual by
2 bidirectional input / outputs (I/O0 and I/O1) or quad
by 4 bidirectional inputs / outputs (1/00, I/01, 1/02, I/
03).

The Quad SRAM interface provides the fast access &
cycle times, ease of use and unlimited READ & WRITE
endurance of a standard SRAM. Dedicated safety fea-
tures support high data accuracy.

With Secure WRITE operation the ANV32AA3P
accepts address and data only when the correct 2 Byte
CRC, generated from the complete 3 address Bytes
and 128 Byte data, has been transmitted. Corrupt data
cannot overwrite existing memory content and even
valid data would not overwrite on a corrupted address.
With configuration register bit 4 the success of the
Secure WRITE operation can be monitored. In case of
corrupt data, bit 4 will be set volatile to high.

With Secure READ operation the ANV32AA3P calcu-
lates the correct 2 Byte CRC parallel to data transfer.
The 2 Byte CRC is transmitted after 128 Bytes of data
have been read out.

Data transfer automatically to the non-volatile storage
cells when power loss is detected or in any brown out
situation (the PowerSTORE operation). On power-up,
data are automatically restored to the SRAM (the
Power-Up RECALL operation). The PowerSTORE
operation can be disabled via Configuration Register
settings.

Both STORE and RECALL operations are also avail-
able under instruction control, STORE can also be
hardware controlled via HSB pin.

BLOCK WRITE Protection is enabled by programming
the status register with 1 of 14 options to protect blocks
of the memory.

A non-volatile register supports the option of a 8 Byte
user defined serial number. This register is under cus-
tomer control only.
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Serial Interface Description
Master: The device that generates the serial clock.

Slave: Because the Serial Clock pin (SCK) is always
an input, the device always operates as a slave.

Transmitter/Receiver: The device has_bi-directional
pins (Sl, /00, SO, /01, HOLD, /03, WP, 1/02 and
HSB) designated for data transmission and reception.
In SP1 and DPI mode HOLD and WP act as inputs only.

Output: The SO, I/00, 1/01, I/02 and I/0O3 pins are
used in read cycles to transfer data out of the device
after the falling edge of Serial Clock.

PIN DESCRIPTIONS

Signal Name Signal Description
E Chip Enable
SCK Serial Clock
} Serial Input (SPI Mode)
Sl or 1/00
I/0 [0] in dual or quad mode
Serial Output (SPI Mode)
SO orl/O1 )
I/0 [1] in dual or quad mode
- Hold (Suspends Serial Input)
HOLD or 1/03 .
I/0O [3] in quad mode
— Write Protect
WP or 1/02 }
I/0 [2] in quad mode
HSB Hardware Store busy
VCC Main Power Supply Voltage
VCCQ I/0 Power Supply Voltage
VCAP Capacitor Voltage
VSS Ground

Input: The SI, /00, I/O1, 1/02 and 1/0O3 pins are used
to transfer data into the device. They receive instruc-
tions, addresses, and data. Data are latched on the
rising edge of the Serial Clock.

Serial Clock: The SCK pin is used to synchronize the
communication between a master and the device.
Instructions, addresses, or data, present on the input
pin, are latched on the rising edge of the clock, while
data on the output pins are changed after the falling
edge of the clock input.
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ANV32AA3P

MSB: The Most Significant Bit (MSB) is the first bit
transmitted and received.

Serial Op-Code: After the device is selected with E
going low, the first byte will be received. This byte
contains the op-code that defines the operations to be
performed.

Invalid Op-Code: If an invalid op-code is received, no
data will be shifted into the device, and the output pins
will remain in a high impedance state until the falling
edge of E is detected. This will reinitialize the serial
communication.

Chip Enable: The device is selected when the E pin is
low. When the device is not selected (E pin is high),
data will not be accepted via the input pins, and the
output pins will remain in a high impedance state.
Unless an internal WRITE cycle is in progress the
device will be in the Standby Mode. Driving Chip
Enable (E) Low enables the device, placing it in the
active power mode. After power-up a falling edge on
Chip Enable (E) is required prior to the start of any
instruction.

Write Protect: The main purpose of this input signal is
to freeze the size of the area of memory that is pro-
tected against WRITE instructions (as specified by the
values in the BP2, BP1 and BPO bits of the Status
Register) and the selected PowerSTORE mode. This
pin must be driven either High or Low, and must be
stable during all WRITE operations.

SPI BUS Connection

Hold: The HOLD pin is used in conjunction with the E
pin to select the device. When the device is selected
and a serial sequence is underway, HOLD can be used
to pause the serial communication with the master
device without resetting the serial sequence.

HSB: The HSB pin monitors a STORE operation in
progress when driving the pin Low (output). A Hard-
wareSTORE operation can be initiated by driving this
pin low (input).

Buffer Cap: The VCAP pin provides the necessary
energy for the PowerSTORE operation, via an external
capacitor.

Connecting to the SPI Bus

These devices are fully compatible with the SPI pro-
tocol.

All instructions, addresses and input data bytes are
shifted in to the device most significant bit first. The
Serial Input (SI) is sampled on the first rising edge of
the Serial Clock (SCK) after Chip Enable (E) goes Low.
All output data bytes are shifted out after any read
instruction, most significant bit first. The Serial Output
(SO) is latched on the first falling edge of the Serial
Clock (SCK) after the instruction (such as the READ
from Memory Array, Secure READ and READ Status
Register instructions) has been clocked into the device.
The Figure shows four devices, connected to a MCU,
on an SPI bus. Only one device is selected at a time,
so only one device drives the Serial Data Output (SO)
line at a time, all the others being in high impedance.
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SPI Modes

Each device can be driven by a microcontroller with its
SPI peripheral running in either of the following two
modes:

- Mode 0: CPOL=0, CPHA=0

- Mode 3: CPOL=1, CPHA=1

For these two modes, input data have been latched
with the rising edge of Serial Clock (SCK), and output

data is available from the falling edge of Serial Clock
(SCK). The difference between the two modes, as
shown for single SPI access in the following figure, is
the clock polarity when the bus master is in Stand-by
mode and not transferring data:

- SCK remains at 0 for (CPOL=0, CPHA=0)

- SCK remains at 1 for (CPOL=1, CPHA=1)

CPOL CPHA
0o 0 SCK | L] oL
1 1 SCK™ ] | L I [
Slorl/oo __Xmse X_ X
SO or /01 MSB_X X

Dual and Quad I/O Modes

Beside the standard SPI interface, a command cont-
rolled reconfiguration of SI, SO (Dual Mode with I/O0
and 1/01), or Sl, SO, HOLD and WP (Quad Mode with
I/00, 1/01, /02 and 1/03) can be executed. In these
modes all READ operations will require dummy cycles
in contrast to WRITE operations which will require no
ones. Parallelism can be enabled for op-code, address

and data or for address and data or just for data. READ
and WRITE operations can then be carried out in these
parallel modes. Secure READ, Secure F_READ and
Secure WRITE operations are available for SPI, DPI
and QPIl Modes. There is a detailed description under
Functional Description later on.

Mode | Command | Command input Address input DI\I>|/II;(/ Data input Data output
cycles
SPI READ Sl SI 0 SO
SPI S_READ Sl Sl 0 SO
SPI F_READ Sl Sl 8 SO
SPI FS_READ Sl Sl 8 SO
SPI DOR 1/00 1/00 8 1/00, /101
SPI DIOR 1/00 1100, /01 4 1/00, /101
SPI QOR 1/00 I/00 8 1/00, 1/01, 1/02, 1/03
SPI QIOR I/00 1/00, 1/01, 1102, 1/03 4 1/00, 1/01, 1102, 1/03
SPI WRITE Sl Sl 0 Sl
SPI S WRITE Sl Sl 0 Sl
SPI DIwW 1/100 1/100 0 1/00, /101
SPI DIOW 1/00 1/00, /101 0 1/00, /101
SPI QIW 1/00 1/100 0 1/00, 1/01, 1/02, 1/03
SPI QIoOwW 1/00 1/00, 1/01, 1102, 1/03 0 1/00, 1/01, 1102, /03
DPI READ 1/00, /01 I/00, 1/101 1 I/00, 1/101
DPI S _READ 1/00, /01 1/00, 1/101 1 1/00, 1/101
DPI F_READ 1100, /01 1/00, /101 4 1/00, /101
DPI FS_READ 1/00, /01 1/00, /101 4 1/00, /101
DPI WRITE 1/00, /101 1/00, /101 0 1/00, /101
DPI S _WRITE 1/00, /01 I/00, /101 0 I/00, 1/101
QPI READ 1/00, 1/01, 1/02, 1/03| 1/00, 1/01, 1/02, 1/03 1 1/00, 1/01, 1/02, 1103
QPI S_READ I/00, I/01, I/02, 1/03| 1/00, I/01, 1/02, I/03 1 1/00, 1/01, 1/02, 1/03
QPI F_READ 1/00, /01, /02, 1/03| 1/00, 1/01, /02, 1/03 2 1/00, 1/01, 1/102, 1/03
QPI FS_READ| 1/00, I/01, 1102, 1/03| 1/00, /01, /02, 103 2 1/00, 1/01, 1/02, 1/03
QPI WRITE 1/00, 1/01, 1/02, I/03| 1/00, I/01, 1/02, /03 0 1/00, 1/01, 1/02, 1/03
QPI S_WRITE | /00, 1/01, 1/02, /03| 1/00, I/01, 1/02, /03 0 1/00, 1/01, 1102, 1/03
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ANV32AA3P

Operating Features

Power-up:

When the power supply is turned on from Vgg, Chip
Enable (E) has to follow the V¢ voltage in accordance
with the definition of V. It must not be allowed to float,
but could be connected via a suitable pull-up resistor to
Vcc. The Chip Enable signal (E) is edge as well as
level sensitive. This ensures that the device becomes
deselected after Power-down until E reaches V¢ and
a falling edge of E from the V4 level has been detected
thereafter. This will start the first operation.

Power-on Reset:

In order to prevent data corruption and inadvertent
Write operations during power-up, all input signals will
be ignored and Data Output will be in high impedance
state. Power On Reset is completed when Vgc
reaches a stable Vccpin- Logical signals can be
applied.

Power-down / Brown Out:

When V¢ drops during normal operation below
Vswitcn all external operations will be disabled, the
device will ignore any input signals and Data Output
will be in high impedance state. Power-down during
self timed STORE operation will not corrupt data in the
memory. WRITE operation of the current Byte will be
completed independent from the power supply. Prior to
any STORE operation the whole data in the non-vola-
tile memory will be erased to allow STORE operation of
new and restore of unchanged data.

Operating and Stand-by Modes:
When Chip Enable (E) is Low, the device is enabled. In

Functional Description

The device utilizes an 8-bit instruction register. The list
of instructions and their operation codes are contained
in the following table. All instructions, addresses, and
data are transferred with the MSB first and start with a

high-to-low E transition. Each instruction starts with

Operating Mode it is consuming lccop). In the other
case, when Chip Enable (E) is High without prior Hiber-
nate instruction, the device is in Standby Mode with the
reduced Supply Current lgg, with prior Hibernate
instruction the Supply Current will be with Iggy extreme
low. To exit the Hibernate Mode Chip Enable (E) has to
go Low and after trgesTore all operations can be
executed.

Hold Condition:

The Hold (HOLD) signal suspends any serial commu-
nication with the device without resetting the clock
sequence.

Data Outputs are in high impedance state during Hold
condition, HOLD=Low. The other SPI-inputs are
disabled and Don’t Care. _

The device has to be active with Chip Enable (E) Low
to enter the Hold condition. The device has to be
selected for the duration of the Hold condition, for the
selected operation to be continued after exiting the
Hold condition. The Hold condition starts when Hold
(HOLD) becomes Low, the device is active with Chip
Enable (E) Low and Serial Clock (SCK) is already Low.
The Hold conditions ends when Hold (HOLD) goes
High, the device is still active with Chip Enable (E) Low
and Serial Clock (SCK) is Low.

Chip Enable (E) has priority over Hold (HOLD). Driving
Chip Enable (E) High during Hold condition will reset
the device. With the next falling edge of Chip Select (E)
a new instruction has to be submitted.

one of the single-byte codes below. All instructions can
be set and executed with clock up to 108 MHz, beside
READ operations from the memory array (66 MHz).
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Instruction Name Instruction format Operation
WREN 0x06 Set Write Enable Latch
WRDI 0x04 Reset Write Enable Latch
SPIEN OxFF Enable SPI Mode (reset DPI, QPI)
DPIEN 0x37 Enable DPI Mode
QPIEN 0x38 Enable QPI mode
RDSR 0x05 Read Status Register
WRSR 0x01 Write Status Register
RDCR 0x35 Read Configuration Register
WRCR 0x87 Write Configuration Register
WRSNR 0xC2 WRITE User Serial Number
RDSNR 0xC3 READ User Serial Number
READ 0x03 Read Data from Memory Array
F_READ 0x0B Fast Read Data from Memory Array
DOR 0x3B Dual Output Read
DIOR 0xBB Dual Input Output Read
QOR 0x6B Quad Output Read
QIOR OxEB Quad Input output Read
S READ 0x13 Secure Read Data from Memory Array with CRC
FS_READ 0x1B Fast Secure Read Data Memory Array with CRC
WRITE 0x02 Write Data to Memory Array
DIW 0xA2 Dual Input Write
DIOW OxAl Dual Input Output Write
QIw 0x32 Quad Input Write
QIOW 0xD2 Quad Input Output Write
S WRITE 0x12 Secure WRITE Data to Memory Array with CRC
Hibernate 0xB9 Enter Hibernate Mode
STORE 0x08 Store SRAM data non-volatile
RECALL 0x09 Recall non-volatile data to SRAM
OxAF Mode byte Start XIP
0x0A reserved
O0xBA reserved
OxFF Mode byte Stop XIP
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Write Enable (WREN):

The device will power up in the write disable state
when V¢ is applied. Before any WRITE instruction is
accepted, the Write Enable Latch has to be set with the
WREN command.

As shown in the figure below, to send this instruction to
the device, Chip Enable (E) is driven Low, and the bits
of the instruction byte are shifted in on Serial Data
Input (SI). The device then enters a wait state, waiting
for the device to be deselected, by Chip Enable (E)
being driven High.

E o\ /-
si XXXXX\o0 0 o o of1 1\o

SO

WREN SPI Mode

E \ /-
SCK N

1100 X000 0 o /1o XX
1101 XXX\ 0 o o [1FXX

WREN DPI Mode
In DPI mode the instruction Byte will be shifted in on I/

00 (bit 6,4,2,0) and /01 (bit 7,5,3,1). In QPI mode
analog via I/00, /01, I/02 and 1/03.

E N\ /
sck | UL
1100 XXX o XX
101 XX [+ XX
1102 XX [+ XX
103 XXX 00 [XX

WREN QPI Mode

Write Disable (WRDI):

To protect the device against inadvertent writes, the
Write Disable instruction disables all WRITE modes.
The WRDI instruction is independent of the status of
the WP pin.

As shown in the figure below, to send this instruction to
the device, Chip Enable (E) is driven Low and the bits
of the instruction byte are shifted in, on Serial Data
Input (SI). The device then enters a wait state, waiting
for the device to be deselected, by Chip Enable (E)
being driven High.

The Status Register Write Enable Latch (WEN) bit will
be reset by any of the following events:

- Power-up

- WRDI, WRSR, WRCR, WRSNR instruction execution
- WRITE, S_WRITE instruction completion

- DIW, DIOW,QIW,QIOW instruction completion

E O\ /-
si XXXXX\o0 o o o ofi\o o[XX
SO High-Z

WRDI SPI Mode

E\ /S
SCK | 1T
1100 X000 o /1\o XX
|/Olm\oooow

WRDI DPI Mode

E N/
SCK I
1100 XX000 o XX
101 XXX000 o XX

102 XXX [+ XX
103 XXXXX0 o XX

WRDI in QPI Mode
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Enable SPI Mode (SPIEN)

With SPIEN instruction the 2 other Modes DPI and QPI can
be volatile disabled. Configuration Register bit[1] will not be
changed. SPIEN instruction has to be carried out in current
DPI or QPI Mode.

E \ /-
SCK | ||||||||

I/OO High-Z High-Z
YOl —Hhz /T T T\

1 1 1 1

SPIEN in DPI Mode

E N/
SCK | TUT

I/OO High-Z High-Z
I/Ol High-z / 1 1 \ High-Z

|/02 High-z / 1 1 \ High-Z
|/03 High-z / 1 1 \ High-Z

SPIEN in QPI Mode

Status Register

Enable DPI Mode

With DPIEN command SI [I/00] and SO [I/O1] becomes bi-
directional 1/0 pins. All communication for data, addresses,
dummy bits, mode bits, instructions and register information
will be executed in dual mode. DPIEN is a volatile setting.
DPI Mode can only be activated out of SPI mode.

E o\
g —E—o0 o1 1\of1 1 1\

S O High-Z

DPIEN in SPI Mode

Enable QPI Mode

With QPIEN instruction 1/00, 1/01, /02 and I/O3 become
bidirectional /0. All communication for data, addresses,
dummy bits, mode bits, instructions and register information
will be executed in quad mode. QPIEN is a volatile setting
and overwrite temporarily the configuration register bit[1] until
next power cycle. Configuration register stays unchanged.
QPI Mode can only be activated out of SPI Mode.

E 0\
SCK L TUUUULUT

S| HoZ 0 0 f1 1 1\0 0 0

SO

QPIEN in SPI Mode

High-Z

High-Z

Status register is a 8 bit register with volatile and non-volatile bits which indicate the current capability to Write the

ANV32AA3P (to indicate the Write protection status).

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
WPEN | PRSNR SBP BP3 BP1 BPO WEN RDY
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Bit

non-
volatile

Definition

Bit 0 (RDY)

no

The Ready bit indicates whether the memory is busy with a STORE or RECALL
cycle. When set to 1, such a cycle is in progress, when reset to 0 no such cycle is in
progress. It is a read only bit

Bit 1 (WEN)

no

The Write Enable Latch bit indicates the status of the internal Write Enable Latch.
When set to 1 with a Write Enable (WREN) instruction the internal Write Enable
Latch is set, when set to 0 with a Write Disable (WRDI) instruction the internal Write
Enable Latch is reset and no WRITE, Secure WRITE, WRITE Serial Number or
WRITE Status Register instruction are accepted.

Bit 2 (BPO)

yes

Bit 3 (BP1)

yes

Bit 4 (BP3)

yes

The Block Protect (BP2, BP1, BPO) bits are non-volatile. They define the size of the
area to be software protected against WRITE instructions. These bits are written
with the WRITE Status Register (WRSR) instruction. When one or two or three of
the Block Protect (BP2, BP1, BPO) bits are set to 1, the relevant memory area (see
WRITE Status Register WRSR) becomes protected against all WRITE (WRITE,
DIW, DIOW, QIW,QIOW, S_WRITE) instructions to the Memory Array. The Block
Protect (BP2, BP1, BPO0), Write Protect Enable (WPEN) and User Serial Number
(PRSNR) bits can be written provided that the Hardware Protected Mode has not
been set.

Bit 5 (SBP)

yes

Start block definition for protection, SBP=0 block protection will start with highest
address, SBP=1 it will start with lowest address

Bit 6 (PRSNR)

yes

Protect User Serial Number

Bit 7 (WPEN)

yes

The Write Protect Enable bit is operated in conjunction with the WRITE Protect
(W) signal. The Status Register WRITE Protect Enable (WPEN) bit and WRITE
Protect (W) signal allow the device to be put in the Hardware Protected Mode
(when the Status Register WRITE Protect Enable (WPEN) bit is set to 1, and
WRITE Protect (W) is driven Low). In this mode, the non-volatile bits of the Status
Register become read-only bits and the WRITE Status Register (WRSR) instruction
is no longer accepted for execution.

READ Status Register (RDSR):

The READ Status Register instruction provides access Protection can be set. These bits, besides RDY and
to the status register. The READY/BUSY and WRITE  WEN, are set by using the WRSR instruction. Status
Enable status of the device can be determined by the Register can be read out in SPI, DPI and QPI Mode
RDSR instruction. Similarly, the Block WRITE Protec-  with up to 108 MHz.

tion bits, PRSNR and WPEN indicate the extent of pro-

tection employed. With SBP the start point for Block

RDSR SPI Mode

E

A\ /

SI
SO

X0 0 0 0 o1\ [+ XXX

s 20000000
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E\ /[
I/OO High-Z o of1 1 aae@ High-Z
/01 00 0 0 ﬂaaa High-Z

High-Z

RDSR DPI Mode

WRITE Status Register (WRSR):

The WRSR instruction allows the user to select diffe-
rent levels of Hardware or Software protection for the
memory array or User Serial Number.

WREN command has to be sent prior to WRSR. The
properties for access the Status Register are the same
as the memory array. The WRSR instruction is volatile.

E o\

E O\ /
SCK L T
I/OO High-Z 1 aa High-Z
/01 —HE— 0 o fsX1)Hee
|/02 High-Z 1 Qa High-Z
|/03 High-Z 0 0 OO High-Z

RDSR QPI Mode

To make bit2 to bit7 non-volatile a STORE instruction
has to follow the WRSR instruction. This STORE
instruction is also valid for the memory array and all
other non-volatile registers. BitO and bitl are read-only.

WRSR instruction can be executed in SPI, DPI and
QPI Mode.

r

SCK | T U U UL
st XXXQN0 0 o o o o o/ X7)X(eX5XX3X2)XXRXXN

High-Z

SO

WRSR in SPI Mode

E\ /)
SCK | TUUUUUULL

/100 0 0 o f1XeXaX2XXXXXX
/01 0 0 0 0 A7X5X3XXXXXX

High-Z

High-Z

WRSR in DPI Mode

Block Protection

The device is divided into several array segments.
Which and how many memory segments can be pro-
tected depends on the Status Register bits BP0,BP1
and BP2 together with the SBP bit. Any data within any

T\ /
sck 1 U

1100 —H2— o /1 XaXXXXXX
|/01 High-Z 0 0
/02 —H2— 0 o L6 X2XXXX

/03 —82— 0 o L7X3XXXX

WRSR in QPI Mode

selected segment will therefore be READ only. The
block write protection levels and corresponding status
register control bits are shown in the following table.
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ANV32AA3P

Level Status Register Bits SBP Array Addresses Protected
(Protected Block) BP2 BP1 Bpo | B ANV32AA3P
0 0 0 0 Oor1l None
upper 1/64 0 0 1 0 0x1F800 - OX1FFFF
upper 1/32 0 1 0 0 0x1F000 - OX1FFFF
upper 1/16 0 1 1 0 0x1EO000 - OX1FFFF
upper 1/8 1 0 0 0 0x1C000 - OX1FFFF
upper 1/4 1 0 1 0 0x18000 - Ox1FFFF
upper 1/2 1 1 0 0 0x10000 - Ox1FFFF
lower 1/64 0 0 1 1 0x00000 - 0x007FF
lower 1/32 0 1 0 1 0x00000 - 0x00FFF
lower 1/16 0 1 1 1 0x00000 - Ox01FFF
lower 1/8 1 0 0 1 0x00000 - 0x03FFF
lower 1/4 1 0 1 1 0x00000 - OX07FFF
lower 1/2 1 1 0 1 0x00000 - OXOFFFF
whole array 1 1 1 Oorl 0x00000 - Ox1FFFF

The WRSR instruction also allows the user to enable or
disable the WRITE Protect (WP) pin through the use of
the Write Protect Enable (WPEN) bit. Hardware WRITE
Protection Mode (HPM) is enabled when the WP pin is
low and the WPEN bit is “1". Hardware WRITE Protec-
tion Mode is disabled when either the WP pin is high or
the WPEN bit is “0”. When the device is hardware write
protected, WRITE to the Status Register non-volatile
bits (bit[2] to bit[7]) are disabled. This includes the
Block Protect bits, SBP bit, the Serial Number Protec-
tion bit and the WPEN bit. The block-protected sections
in the memory array are disabled. WRITE is only

allowed to sections of the memory which are not block-
protected.

When the WPEN bit is hardware write protected, it
cannot be changed back to “0”, as long as the WP pin
is held low.

The Write Status Register (WRSR) instruction has no
effect on bit[1] (WEN) and bit[0] (RDY) of the Status
Register. _

Chip Enable (E) must be driven High after the eighth bit
of the data byte has been clocked in. If not, the Write
Status Register (WRSR) instruction is not executed.

WPEN| WPP Mode Péf;flf;ef Ur:apl(r)%tlfscged Status Register
H Software Protected Writeable Writable, if WEN=1,
L Protected Protected Writeable | ppo, BP1, BP2, SBP, PRSNR and
H SPM Protected Writeable WPEN are writable
1 L Hardware Pro- Protected Writeable Protected, if WEN=1, no access to
tected HPM Status Register bit2 - bit7

& As defined by the values in the Block Protect (BP2, BP1, BPO) bits of the Status Register.

®n QPIl mode WP is forced LOW internally
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ANV32AA3P

Configuration Register

Bit 7 Bit 6 Bit 5 Bit 4

Bit 3

Bit 2 Bit 1 Bit 0

PDIS SWM

SQM

Configuration register is a 8 bit register with volatile
and non-volatile bits. With SWM the success of a
S_WRITE operation can be monitored, independent if
WRITE has been executed in SPI, DPI or QPI mode. It
is internally reset to O at the begin of each S_WRITE
operation. PDIS=1 disables the PowerStore feature

and during power down all volatile data, in the memory
array as well as the in the non-volatile registers, get
lost. With SQM the ANV32AA3P can be set in QPI
Mode. After power-up the QPI mode is automatically
set.

Bit non- Definition
volatile

Bit 0 yes must be setto 0

Bit 1 (SQM) yes SQM =1 Quad Mode; SQM = 0 no Quad Mode set non-volatile (SPI or DPI pos-
sible)

Bit 2 don'’t care

Bit 3 don't care

Bit 4 (SWM) no S_WRITE Monitoring bit indicates the success of the last Secure Write operation.
With SWM = 0 Secure Write was successful, with SWM = 1 data and/or address
were corrupt. Secure Write was ignored. It is a read only bit.

Bit 5 don't care

Bit 6 (PDIS) yes PDIS bit disables the PowerStore function

Bit 7 don't care

READ Configuration Register (RDCR)

The READ Configuration Register instruction provides
access to the Configuration Register. With CR[1] =1
the ANV32AA3P can be set non-volatile to QPI mode
and will start after power-up in QPI mode. When
CRJ[1]=0 the initial protocol will be SPl. SMW is a read-

E\

only bit which indicated the last Secure Write Opera-
tion. With PDIS CR[6]=1 the PowerStore function is
disabled. Configuration Register can be read out in
SPI, DPI and QPI Mode with up to 108 MHz.

r

SCK T UUudUuuy
st X0 o [+ 1\ o /20 [+ RAONKXX

High-Z

SO

RDCR in SPI Mode
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ANV32AA3P

E \ /
scK Eahinnnnn

I/OO High-Z of1 1 1 Qaaa High-Z
|/01 High-Z 1\o o Hih—Z

RDCR in DPI Mode

WRITE Configuration Register (WRCR)

The WRCR instruction enables access to the 2 non-
volatile bits CR[1] and CR][6].

WREN command has to be sent prior to WRCR. The
properties for access the Configuration Register are
the same as the memory array. The WRCR instruction
is volatile.

E

—

T\ /
sck 1 UL

I/OO High-Z 1 1 aa High-Z
|/01 High-Z High-Z
I/OZ High-Z of1 ea High-Z

/03 High-Z 0 0 OO High-Z

RDCR in QPI Mode

To make Bit1 and Bit6 non-volatile a STORE instruction
has to follow the WRCR instruction. This STORE
instruction is also valid for the memory array and all
other non-volatile registers. SR[4] bit is read only.

WRSR instruction can be executed in SPI, DPI and
QPI Mode.

r

Sl

High-Z

HAAYAUET B 0. 0.0.0.0 0.0.04

SO
WRCR in SPI Mode

E \ /)
sck | JUHUUUUULULL
/00 —22— 0 o [1 1 XsX4X2XoXXXX
/01 0 /1 X7X5X3XXXXX

High-Z

WRCR in DPI Mode

EoO\ /
sck 1 UL

/00 —H42— o /1 X4 X0 XXXX
I/Ol High-Z 0/1
1102 —H2— o /1 X6 X2 X XXX

/03 —H2—/1\o (7X=XXXX

WRCR in QPI MODE
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ANV32AA3P

Read from Memory Array (READ):

There are different READ Operations from memory
array available, READ, F_READ, S READ and
FS_READ each in SPI, DPI and QPI mode. READ,
F_READ are also available in SPI mode DOR, DIOR,
QOR, QIOR.

READ

Reading the device requires the following sequence.
After the E is pulled low to select a device, the READ
operation code is transmitted followed by the 3 byte
address to be read (A23 - A0). Address hits A23 - A17
are don't care. A16 is in the MSB bit[0]. A15 to AO are
in the following 2 address bytes.

Upon completion, any data on input data will be igno-
red on Sl for SPI mode. In DPI mode /00 and 1/01
becomes outputs, in QPI mode 1/00, 1/01, 1/02 and I/
03 becomes also outputs. The data (D7 - DO) at the

E\

8 bit instruction 24 bit address 8 bit data byte 1 8 bit data byte 2

specified address is then shifted out onto SO (SPI), I/
00, I/01(DPI) and 1/00, 1/01, 1/02, and 1/03 (QPI) with
the falling edge of SCK. If only one byte is to be read, E
should be driven high after the data comes out. The
device is for READ operation always in block roll over
mode, so that the READ sequence can be continued
as long as E stays low, the byte address is
automatically incremented and data will continue to be
shifted out. When the highest address is reached, the
address counter will roll over to the lowest address
allowing the entire memory to be read in one conti-
nuous READ cycle. The READ operation can be
executed up to 66MHz. In DPI and QPI mode a dummy
Clock cycle has to be implemented after last address
bit has been clocked in.

The READ cycle can be started when a WRITE,
RECALL or STORE cycle is not in progress and ter-
minated at any time driving the Chip Enable (E) to
High.

-

SCK yiiiuiuduyie
st XXXXX\e o o o o o1 1 XexerLX X XRRXKXOOORRXXKXRXXXXXONN

MSB

SO High-Z

READ in SPI Mode 2 bytes

instruction address data

_ e
E o\ v /-

sek 1 JHUUUUUHUUUUT
e LI A O 00000 O
S NI 0.0.000 00

READ in DPI Mode single byte

Fast READ

With F_READ the memory read out can be done up to
108MHz. Therefore the following sequence is required;
After the E is pulled low to select a device, the F_READ
operation code is transmitted followed by the 3 byte
address (A23 - A0). Address bits A23 - A17 are don't
care. Al16 is in the MSB bit[0]. A15 to AO are in the
following 2 address bytes. Upon completion any input
data will be ignored. Thereafter a mode byte will be
clocked in independent from SPI, DPI or QPI mode. In
DPI mode 1/00 and 1/01 become outputs, in QPI mode
I/00, 1/01, 1/02 and /O3 become also outputs. The
data (D7 - DO) at the specified address is then shifted

2,0.0000600000.000600

MSB

instruction address p , DataBl Data Bn
[t >
Y

T\ —
sck | yyUyUuydL.
100 22 o[ PEED— DD
101 21 o[ \DD - DBOD- OO
102 20 o BB OBOO—DD =
103 ~220 o DO-BAOO—-DD=

READ in QPI Mode multi byte access

out onto SO (SPI), I/00, I/O1(DPI) and 1/00, 1/01, 1/02,
and /03 (QPI) with the falling edge of SCK. If only one
byte is to be read, E should be driven high after the
data comes out. The device is for READ operation
always in block roll over mode, so that the READ
sequence can be continued as long as E stays low, the
byte address is automatically incremented and data will
continue to be shifted out. When the highest address is
reached, the address counter will roll over to the lowest
address allowing the entire memory to be read in one
continuous READ cycle.
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ANV32AA3P

24 bit address

[
-

mode byte

st XXXKXA0 o o o frio A2 XeEKey-(1)oX(T)(e)(LX )X XA

MSB

SO High-Z
F_READ in SPI Mode

instruction address mode data

E

sck 1 JUUUUL JULTUU U
el R LN A2 002 0.0,00.00
Mo Y R S 6 02 0.0 000

F_READ in DPI Mode

Dual Output READ

To increase the data rate in SPI mode the Dual Output
READ instruction can be applied. After the E is pulled
low to select a device, the DOR operation code is
transmitted followed by the 3 byte address (A23 - AO).
Upon completion any input data will be ignored. The-

8 bit instruction
E \

24 bit address mode byte databytel_ 6  _databyten

200,000 0000000000

MSB

sck | Uy UL —
/00 —H2— 0 [r\eo)ag)—{o)(aX Xt X )Xoy =
/01 —E— 0 [NeX)--{(EX N EX (XD E
/02 22— 0o faxiey-(2X(eX2X(eX2){e Xtz
o e N AT IR0 00,0000

F_READ in QPI Mode

reafter a mode byte will be clocked in. SI becomes I/O0
and SO becomes 1/01. The data (D7 - DO) at the
specified address is then shifted out onto I/O0 and 1/01
with the falling edge of SCK.

o

sck _ | [UUUUUUUUUL Uty UL S
SI - 1/00 000020000600=200004

SO -1/01 Hon2

DOR instruction
Dual Input Output READ

For DIOR instruction SPI mode has to be selected.
After the E is pulled low to select a device, the DIOR
operation code is transmitted in single mode followed
by the 3 byte address (A23 - AO) in dual mode. SO
becomes I/01. Upon completion any input data will be

8 bit instruction

EN\

24 bit address

‘4—»}4—»

000000004

ignored. Thereafter a mode byte also in dual mode will
be clocked in. SI becomes 1/00. The data (D7 - DO) at
the specified address is then shifted out onto I/00 and
I/01 with the falling edge of SCK.

mode byte data byte 1 data byte n

seck 1 [UUuyiL Ui Jutuie

SI- 1100 XXXXXY 1\o
1000 ML

DIOR instruction

IRUEEC O 0.0 006 0.0.000000 08

0.0.09060.0000:2000.64

MSB
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ANV32AA3P

Quad Output READ

To further increase the data rate in SPI mode the Quad
Output Read instruction can be applied. After the E is
pulled low to select a device, the QOR operation code
is transmitted followed by the 3 byte address (A23 -
AQ). Thereafter a mode byte will be clocked in. SI

E\

becomes 1/00, SO - /01, WP - 1/02 and HOLD - I/03.
Upon completion any input data will be ignored. The
data (D7 - DO) at the specified address is then shifted
out onto I/00 to 1/03 with the falling edge of SCK.

24 bit address data B1 data Bn

8 bit instruction mode byte

sck 1 fHyyyuuuyuL. Uil Uil Jutt
s1-100 YRR/ 1o/ \e /T BE-OEOE-OOEO-OOR

SO - 1/01 ——
WP — 1/02
HOLD - 1/03

QOR instruction
Quad Input Output READ

For QIOR instruction SPI mode has to be selected.
After the E is pulled low to select a device, the QIOR
operation code is transmitted in single mode followed
by the 3 byte address (A23 - AO) in quad mode. SI
becomes 1/00, SO - /01, WP - 1/02 and HOLD - I/O3.

E N\

Thereafter a mode byte also in quad mode will be clok-
ked in. Upon completion any input data will be ignored.
The data (D7 - D0) at the specified address is then shif-
ted out onto I/00 to 1/03 with the falling edge of SCK.

24 bit address mode data B1 data Bn

8 bit instruction
‘4—»}4—»}4—»’4—% -~ M/_

ScK [T JU
SI-1/00 XXXXX* + 1\of1\0fr 1 Xaoxer—(a XX XXX

SO -1/01 —
WP — 1/02
HOLD - I/03

DD 000.0.060:200

QIOR instruction

Execute In Place Operation (XIP)

The mode byte for the following Fast READ operations
in SPI, DPI and QPI mode can be used to step to diffe-
rent addresses in a random access without clocking in
a read instruction again. XIP operations can also be
done with DOR, DIOR, QOR and QIOR. First a 8 bit
Fast Read instruction followed by the start read add-
ress has to be submitted. Mode Byte [OxAF] will
activate XIP operation and data bytes can be clocked
as described in the selected READ operation above.

MSB MSB

After the next falling edge of E the ANV32AA3P will
remain in XIP operation mode and with submitting a
new 24 bit address and a mode byte the addressed
data can be read out. For mode byte [OxAF] this pro-
cedure can be repeated also after the next E controlled
address change. In case mode byte [0OxFF] has been
transmitted the XIP operation will be reset with the next
rising edge of E and after the next falling edge of E a
new 8 bit instruction has to be submitted.
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ANV32AA3P

24 bit address 8 24 bit address

8 bit instruction mode byte bit data byte 1 8 bit data byte 2 ‘ mode byte 8 bit data byte 1 ‘

E

S0 0000000000 KIS OO0 Oan OO S
s0 OO-DEOO-00 EO-DO—

F_READ in SPI Mode (XIP)

8 bit instruction 24 bit address mode byte data byte 1 data byte 2 24 bit address mode byte data byte 1 ‘
E\ /\ /-

SN0 00000 000.0:5600000.00000/ 0000260000004

MSB

SO - /01 2 XEXEXEXDEX XXX {TXEXEX XXX

MSB

DOR in SPI Mode (XIP)

24 bit address 24 bit address

8 bit instruction mode byte data byte 1 data byte 2 mode byte data byte 1 ‘
E T\ /\ /~

seck 1 UL JUUUL Uit Juiiiuy =
ST O0R0.0.00:200.0.0.00.000.0.0000/e0000.0060000.041
SO - 1/01 . 29220.0.0.0.0.0.00.0000.0.06/0000.06.0060 0

DIOR in SPI Mode (XIP)

data  data data  data

8 bit instruction mode byte byte 1 byte 2 24 bit address mode byte byte 1 byte 2
e\ /\ /S~

ST B 000002 000060.0.0.000 /IS 0.000=00.00.0040

MSB

24 bit address

SO -1/01 s 000005 XXX
WP — 1/02 6 X2X e X2 XXX s X2XEX2 XXX
HOLD — 1/03 (IR EXERXX

MSB

QOR in SPI Mode (XIP)

mode data  data mode data data
8 bit instruction 24 bit address byte bytel byte?2 24 bit address byte byte 1 byte2

_ T
- D e A A o

E

seck 1 UL JUUUL JUUUUUUvivivL. iuiuiui—

SO 000D 000000000 T=0000000 0
SO - 101 — D 0.00.6.0.0.0 0/ IE0.000000 01
WP — 1102
HOLD - 1/03 S 0.000.0.600/WWOOE0.00.000 00

MSB

QIOR in SPI Mode (XIP)
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ANV32AA3P

8 bit
instruction 24 bit address mode byte data byte 1 data byte 2 24 bit address mode byte data byte 1

_ N DU SUIES g OCE DS e AN L A E | [ PSS gy MOCE DS oy QD Ly
E o\ / \ /-

sck 1 MIUUUL Uiy Juuiu iy i i
e[V 0.00.0.200.00000.0000.000 0800000000008
[WI00.065 00000069006 8.000 0800000000000

MSB

F_READ in DPI Mode (XIP)

8 bit
instructi mode data data mode data data
24 bit address byte  byte 1 byte2 24 bit address byte bytel byte2

A e\
sck | MMUUL JUUUUUUU UL U=
I 00DDE0.0.0000.00/OCE0.0.0000.00K

00D 0n060.06.06.0 05D Un06006.06.004
XX (9)

S

;i

XX Qo)

XXXXX Q)
1102 0.0.00.0000/2000.00.00.001!
XX O 0000000000 00.0000004

1103 XXX X6 XaeXioy—-

F_READ in QPI Mode (XIP)
Secure Read (S_READ):

The secure READ operation is a 128 Byte data read unused address bits have to be 0. The CRC16-CCITT
out of the memory array. In parallel with the data trans- polynomial x16+x12+x5+1 is used for calculation. Page
fer to the external bus internally a CRC is calculated, roll over is defined for Secure READ. The initial value is
including the 3 Byte address and all 128 Byte data. OXFFFF. The checksum is transmitted with MSB first.
After last byte is read the 16 bit CRC will be clocked Secure READ is available in SPI, DPI and QPI mode.
out. All address bits are used for CRC calculation. The S READ is a 66MHz operation.

8 bit instruction 24 bit address data byte 1 data byte 128 CRCO CRC1

UL A

st XQOXXA0 o ofx\o o /11 XK oXXXRXXKXXOXXK XXX XXRXXAKXXKK

MSB

S_READ in SPI Mode

instruction address D data byte 1 data byte 128 CRCO CRC1

_ A A AT AT e

sck 1 MU UUUU L U UL
S R A0 0.00.050.000.00000000
SN R0 0.00.05000000000000-—

P

S_READ in DPI Mode
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ANV32AA3P

instruction address

O\

D
M
Y

data B1 data B128 CRCO

[ \/—

CRC1

scx 1T JULUUUL
/00— 1T DD XD 22
U AC. 000005000000

High-Z

/102

o BE-OBOO-COOOEE=

L AV O C 05 00220000000

S_READ in QPI Mode

Fast Secure READ (FS_READ)

The Fast Secure READ operation is a 128 Byte data
read out of the memory array. In parallel with the data
transfer to the external bus internally a CRC is calcu-
lated, including the 3 Byte address and all 128 Byte
data. After last byte is read the 16 bit CRC will be clok-
ked out. All address bits are used for CRC calculation.
The unused address bits have to be “0”. The CRC16-
CCITT polynomial x6+x12+x%+1 is used for calcula-
tion. Page roll over is defined for Fast Secure READ.
The initial value is OXFFFF. The checksum is transmit-
ted with MSB first. Fast Secure READ is available in
SPI, DPI and QPI mode. FS_READ is a up to 108MHz
operation.

Therefore the following sequence is required; After the

24 bit address

‘ 8 bit instruction

E

-

Eis pulled low to select a device, the FS_READ opera-
tion code is transmitted followed by the 3 byte address
(A23 - AO). Address bits A23 - A17 must be “0”. A16 is
in the MSB bit[0]. A15 to AO are in the following 2 add-
ress bytes. Thereafter a mode byte will be clocked in
independent from SPI, DPI or QPI mode. In DPI mode
I/00 and 1/01 becomes outputs, in QPI mode 1/O0, I/
01, /02 and 1/03 becomes also outputs. Upon
completion any input data will be ignored. The data (D7
- DO) at the specified address is then shifted out onto
SO (SPI), /00, I/O1(DPI) and 1/0O0, 1/01, 1/02, and I/
03 (QPI) with the falling edge of SCK. After completion
read out of 128 Bytes the 2 CRC bytes will be clocked
out.

mode byte (DMY) data byte 1 data byte 128 | CRCO CRC1 |

SI

MSB
High-Z

XXX\ 0 0 01 2\o f1 1 Yzsxezy— X 0 XXXOKXXKXOKXKXXKXCHKXOKXKOXXXKXXCHKXHXXK

SO

FS_READ in SPI Mode

instruction address mode byte (DMY)

e

E

data byte 1

a———

CRCO CRC1

data byte 128

sck | MU oy

High-Z of1\o /1

I/00

O 0.00.02000000000000

Joi R UKV AR OE 0 0. 0/.0.9.0.0,0.60:2000 000060000

FS_READ in DPI Mode

instruction address

O\

mode  data B1

data B128 CRCO

|
|

CRC1

sek 1 T UL UL
100 —22/ T T\BE-- DB DOOED =
U0 CS0 00000 00000

High-Z

/102

RYCTE00000000000ss

R U CEm0 0 00000 000

FS_READ in QPI Mode
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ANV32AA3P

Write to Memory Array:

There are different WRITE operations to the memory
array available, WRITE and S_WRITE, each in SPI,
DPI and QPI mode as well as in SPI mode DIW,
DI/OW, QIW, QI/OW.

In order to WRITE the device, two separate instructions
must be executed. First, the device must be WRITE
enabled via the Write Enable (WREN) Instruction. The
status register bit[1] will be set to WEL=1. Then a
WRITE Instruction may be executed. Also, the address
of the memory location(s) to be written must be outside
the protected address field location, selected by the
Block Write Protection Level, otherwise these data will
be ignored.

A WRITE Instruction requires the following sequence.
After E is pulled low to select the device, a WRITE
operation code is transmitted followed by the 3 byte
address (A16 - AOQ, bit 23 to 17 are don’t care) and the
data (D7 - DO) to be written.

WRITE instruction

After WREN instruction has been executed E has to
pulse low (select device) and the WRITE instruction will
be clocked in (single, dual or quad mode) at SI,

I/00 - 1/01 or I/O0 - 1/03. Than the address and data
will follow. Clocking in 3 address bytes requires 12

E

-

8 bit instruction 24 bit address data byte 1 data byte 2

The part works in block roll over mode so that up to the
whole memory array can be written with one command.
After each byte of data is received, the address bits are
internally incremented by one. All completely written
bytes of an active page become valid when E pin is
brought high or a new page starts or any STORE is ini-
tiated. Only the last incomplete written byte will be
ignored.

Reaching the highest address the counter will roll over.
This process can be continued until all data are written.

With the rising edge of E the device is automatically
returned to the write disable state.

If the device is not Write enabled (WREN), the device
will ignore any Write_instruction and will return to the
standby state, when E is brought high. A new E falling
edge is required to reinitiate the serial communication.
WRITE instructions can be executed up to 108 MHz.
There are no dummy cycles required.

clock cycles in DPI mode and 6 clock cycles in QPI
mode. Each data byte must be written with 8, 4 or 2
cycles respectively. The most significant bit will be clok-
ked in during the first clock cycle on Sl, /01 (DPI) or I/
03 (QPI).

-

sek 1 UL vyt

SI

High-Z MSB

JECNIEIIUEY ALY O TR 0.0.0.0.60.0.60.60.60.0.0.0.6.006060.0

MSB

SO
WRITE in SPI Mode

instruction

E

-

address

data byte 1 data byte n

e

sck | JUUUUUUULUUUL U

Hghz o 0 0 o

I/00

000000000 s

I A C 600100200 00

WRITE in DPI Mode

instruction

E O\

address

data B1 data Bn

sck ___ | THUHUUUUUL. ]
/00 —2— 0o Lao)ey-—{o)(a}(0)—(a) o)tz

High-Z

/01

102~ 00 XX eX2)(eX =
103~ 0 0 £3i9)-{XIXD){IX =

WRITE in QPI Mode
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ANV32AA3P

Dual Input WRITE (DIW)

The DIW command is applicable in SPI mode and single mode. After last address has been clocked in, Sl
allows to clock in data on 1/00 and 1/O1. Instruction and and SO becomes bidirectional I/0O pins (I/O0 and 1/01).
address will be transmitted via Sl (I1/00) pin only in

8 bit instruction 24 bit address

_ data byte 1 data byte n
A A A A

SV ACEIALY SO 00000050000
SO bigh 2 2000500600

DIW instruction
DUAL Input Output WRITE (DIOW)

The DIOW command is applicable in SPI mode and single mode. After instruction has been clocked in, Sl
allows to clock in address and data on 1/00 and I/O1. and SO becomes bidirectional 1/0 pins (/00 and 1/01).
Instruction will be transmitted via Sl (1/00) pin only in

‘ 8 bit instruction 24 bit address data byte 1 data byte n ‘
E o\ /

SCK L JTUUU L
ST AR A O 000 00020000,
SO = O@ EXXEED-EXEED

MSB

DIOW instruction
QUAD Input WRITE (QIW)

The QIW command is applicable in SPI mode and single mode. After last address has been clocked in,
allows to clock in data on I/O0 to 1/03. Instruction and  Sl, SO, WP and HOLD becomes bidirectional I/O pins
address will be transmitted via Sl (1/00) pin only in (/00 and 1/01).

‘ 8 bit instruction 24 bit address byte 1 byte n
E \

SCK :I_I'I_I'I_I_I_I_I_I'I_I'I_I_I_I_I_I_LI_LJ_I_I_I_I_I_I_L

s

J_|_|_|_E

SI-1/00 YXXXXX\0 0 /1 1\o o /1 \o (e

— 101 Han = O@ @@—

WP — 1102 Hign 2 (X2}
HOLD - 1/03 righ 2 {X-Xe)—

MSB

QIW instruction
Quad Input Output WRITE (QIOW)
The QIOW command is applicable in SPI mode and single mode. After instruction has been clocked in, Sl,

allows to clock in address and data on 1/0O0 to I/03. SO, WP and HOLD becomes bidirectional 1/0O pins (I/
Instruction will be transmitted via Sl (1/O0) pin only in 00 to 1/03)
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ANV32AA3P

8 bit instruction

A

EN\

24 bit address _ , byte 1 byte n

N

sck 1 [UyUUUvuL Uiyt i

SI- /00 XXXXXY * \s

B DO OE00.00200

— /o1 tigh 2 @Xuy(s XXXy~ X1)—
WP — 1/02 Hat 2 OO0 0
HOLD - 1/03 tigh2 D0 000=00

QIOW instruction
Secure WRITE Memory Array (S_WRITE):

To enable the Secure WRITE operation a WREN has
to occur first. Secure WRITE is a 128 Byte data WRITE
to the memory array. A CRC is calculated, in parallel
with the data transfer, from the 3 Byte address and 128
Byte data. Address bits 23 till 17 have to be 0. After last
byte is written the 16 bit CRC has to be clocked in. All
address bits will be used for CRC calculation. The
CRC16-CCITT polynomial used is x104+x124x0+1, Page
roll over is defined for Secure WRITE. The initial value
is OXFFFF. The checksum must be transmitted with
MSB first. In addition the internally calculated CRC has

24 bit address

EN\

8 bit instruction data byte 1 ‘

to match the transmitted CRC. In this case data will be
accepted. If the CRC's don‘t match data will be igno-
red, the existing memory data will stay and Configura-
tion Register bit 4 will be set to 1. With RDSR the
success of Secure WRITE has to be checked after
every Secure Write operation and bit 4 is reset to O at
the begin of next Secure Write operation.

With the Low-to-High transition of the E pin the device
is automatically returned to the WRITE disable state.

S_WRITE is available in SPI, DPI and QPIl mode with
operating speed up to 108MHz.

CRCO CRC1

e

data byte 128

SCKMMMMMMM

SI XXX

MSB

0 ofs\o ° o000 0,00 020000

SO High-Z

S_WRITE in SPI Mode

instruction address

E T\ ™

data byte 1

— NN b —
I — —

data byte 128 CRCO CRC1

sck | TUUUUL JUUUUL. JUividuiuiyui—
e NTARYC S 0000 0000000000000
ol R LY BN D22 6/0.0,0,0:20.60,0.0.00.00.00 0,0

S_WRITE in DPI Mode

instruction address

E O\

data B1

data B128 CRCO CRC1

\/—

scx 1L UL JUULUUULIE
J R AT < (00 00/0.0 00 0

|/Ol High-Z

JREGEA000000 005

N C\Can@.0,0520.000.0 0

/03 —HE

S_WRITE in QPI Mode

BY2T00 00000005
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ANV32AA3P

Read User Serial Number (RDSNR)

ANV32AA3P supports an additional non-volatile 16
byte register for a user-controlled serial number. With
RDSNR register content can be read out up to 108MHz
in SPI, DPI and QPI mode.

instruction

6 byte serial number
- > »
- L

sck 1 [UUUUUUUUUL UL
sI
Sso (@ Xo)—

RDSNR in DPI Mode

WRITE User Serial Number (WRSNR)

To enable the WRSNR operation a WREN has to occur
first. With WRSNR a 16 byte user-controlled serial
number can be written volatile to the register. All 128bit
have to be clocked in completely otherwise the data will
be ignored. With a STORE operation data in the regis-
ter becomes non-volatile. The WRSNR command is
available in SPI, DPI and QPI mode.

instruction 16 byte serial number

i —
sck | MJUUUHUL UL
/00 —H22—/T\o o o (e (2) o)t
/01 —HZ/1\o o [1 @Kz {3 1)L

WRSNR in DPI Mode

Hibernate Mode:

To enable the Hibernate Mode the Hibernate command
has to be transferred. After E goes high the
ANV32AA3P executes a STORE operation and will
ignore any input signals until E goes low again. During
HIBERNATE mode the part will consume only the cur-
rent lggy.

With the falling edge of E an internal Power-Up
RECALL cycle will be initiated and after this cycle is
completed the device is ready for any operation.

The enter Hibernate command can be executed in SPI,
DPI and QPI mode.

instruction 16 byte serial number

E N\ —
sex 1 TUUUUUL. JUL—
/00 —:2—/T\0_o [1 XK@~ (ZXoyHeL
/01 —2Z—/1\o o [T XK@z Tyt

RDSNR in SPI Mode

instruction 16 byte serial number

T T\
sck 1 JTUUUL..
/00 —HE— 0 [1 XK@y

/01 —HEZ— o [\ @ . Hi
/02 —Hanz /T\o .. igh-z
03 —i—1\o LaK@-—(TXz)*

ik

7
N

RDSNR in QPI Mode

instruction 6 byte serial number
>

T\ | a
sck _ | THUUUUUUUUL. UL
i X0 T T\e o o o/T\o fB@—NE)—

SO High-Z

[
(n

WRSNR in SPI Mode

instruction 16 byte serial number

M\ \4—»}4—»\/_

sck 1 THUUL. JTU—
/00 —H2Z— 0 o faXi)-{a ) o)
/01 —22— o /1 N5 )2
102 —Hz 71\ o {2 )z)Hunz
103 —HZ/T\o (2XiZy—{7Y(3)-Hubz

WRSNR in QPI Mode

E N\ /-
SCK

S| 1\of1 1 1\0 0/2
SO High-Z

Enter Hibernate in SPI Mode
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ANV32AA3P

Enter Hibernate in DPI Mode

STORE

Data can be transferred from the SRAM to the non-vol-
atle memory by a STORE command. During the
STORE cycle, previous non-volatile data will be erased
and then the new data stored into the non-volatile ele-
ments. Once a STORE cycle is initiated, further mem-
ory inputs and outputs are disabled until the cycle is
completed. During a STORE operation, all commands
will be ignored except the RDSR instruction.

The READY/BUSY status of the device can be deter-
mined by initiating a Read Status Register (RDSR)

E \ /-
SCK
Sl XXXXX>\O 0O O O/T\O 0 0/<XX

SO High-Z

STORE instruction in SPI Mode

E N\ /
sck | U
1100 XXXXNe_° XX
1101 XXX\ AXX
1102 XXX _° XX
1103 X0 [+ XXX

STORE instruction in QPI Mode

RECALL

Data can be transferred from the non-volatile memory
to the SRAM by a RECALL command.

Internally, RECALL is a two-step procedure. First, the
SRAM data are cleared, and second, the non-volatile
information is transferred into the SRAM cells. After the
trecaLL cycle time, the SRAM will be activated for any
operations. The RECALL operation in no way alters
the data in the non-volatile storage elements.

E N/
sck | [T
oo XXX+ + XXX
1101 XXX+ \ 0 XX
1102 XX 00 AXX
/03 XXX+ + XXX

Enter Hibernate in QPI Mode

instruction.

After the tgrore cycle time has been fulfilled, the
SRAM will again be activated for any READ or WRITE
operations.

Instruction initiated STORE cycles are performed
regardless of whether a WRITE operation has taken
place after the last STORE or power-up and STORE is
valid also for all non-volatile registers. STORE instruc-
tion can be submitted in SPI, DPI or QPI mode.

E N/
sck | [HUU
1100 X)X)000 0 0 o 0/<XX
1101 XN\ © [+ \o AXX

STORE instruction in DPI Mode

During an Recall operation, all commands will be igno-
red except the RDSR instruction.

The READY/BUSY status of the device can be deter-
mined by initiating a Read Status Register (RDSR)
Instruction.

RECALL can be initiated in SPI, DPI and QPI mode.
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ANV32AA3P

e 1\ /-
SCK
si XXX o o ofT\o o /XX
SO High-Z

RECALL in SPI Mode

E \_ /
sck | UL
1100 XXX /+ XXX
1101 XXX\ XX
1102 XXX o XX
1103 XXX\ [+ XXX

Recall in QPI Mode
Hardware Store (HSB)

The hardware controlled STORE Busy pin (@) is
connected to an open drain circuit acting as both input
and output to perform two different functions. When dri-
ven LOW by the internal chip circuitry it indicates that a
STORE operation (initiated via any option) is in prog-
ress within the chip. When driven LOW by external
circuitry for longer than t,,s, the chip will conditionally
initiate a STORE operation after tgis)s.

READ and WRITE operations that are in progress
when HSB is driven LOW (either by internal or external
circuitry) will be allowed to complete before the STORE
operation is performed, in the following manner.

After HSB goes LOW, the part will continue normal
SRAM operation for tgsys. During tgisgs, @ transition
on any address or control signal will terminate SRAM
operation and cause the STORE to commence.
Note that if an SRAM WRITE is attempted after HSB
has been forced LOW, the WRITE will not occur and
the STORE operation will begin immediately.
HARDWARE-STORE-BUSY (HSB) is a high speed,
low drive capability bidirectional control line.

In order to allow a bank of ANV32AA3P’s to perform
synchronized STORE functions, the HSB pin from a
number of chips may be connected together. Each chip
contains a small internal current source to pull HSB

PowerSTORE Operation:

PowerSTORE operation is a unique feature of the
SONOS technology that is enabled by default on the
ANV32AA3P.

E N/
sck | [UUULL
1100 XXX o o XXX
1101 XXX 0 \e /2 \o AXX

RECAL in DPI Mode

HIGH when it is not being driven LOW. To decrease the
sensitivity of this signal to noise generated on the PC
board, it may optionally be pulled to power supply via
an external resistor with a value such that the
combined load of the resistor and all parallel chip con-
nections does not exceed lsgo at Vo -

Veeq

0.1pF ==

= 0.1pF
VCC

Vear

Veeo

HSB
Cecap

GND

Only if HSB is to be connected to external circuits, an
external pull-up resistor should be used.

During any STORE operation, regardless of how it was
initiated, the ANV32AA3P will continue to drive the
HSB pin LOW, releasing it only when the STORE is
complete.

Upon completion of a STORE operation, the part will
be disabled until HSB actually goes HIGH.

During normal operation, the device will draw current
from V¢ for circuit operation and to charge a capacitor
connected to the Vcpap pin. This stored charge will be
used by the chip to perform a single STORE operation

Document Control Nr. 030 Rev 1.0

June, 2018

25

Anvo-Systems Dresden



ANV32AA3P

in case of power down. If the voltage on the V¢ pin
drops below Vgwtch, the part will automatically dis-
connect the Veap pin from V. A STORE operation
will be initiated with power provided by the V-ap capac-
itor.

If a Secure WRITE operation is in progress when V¢
drops Vgwitch the complete transferred data of this
ongoing Secure WRITE operation becomes invalid.

In the case of WRITE operation is in progress all com-
plete written bytes are valid. Only the last incomplete
written byte will be ignored. Above is shown the proper
connection of the storage capacitor (Vcpap) for auto-

Power-Up RECALL:

During power-up or after any low-power condition
(Vee<Vswitch), an internal RECALL request will be
latched. When V¢ once again exceeds the sense volt-
age of Vgywtch: @ RECALL cycle will automatically be
initiated and will take tyreca L t0 complete. During
Power-Up ReECALL operation, all commands will be
ignored .

Default Recovery

The device can be reset from any mode to SPI by a
default recovery sequence. Therefor all I/O pins, SI (I/
00), SO (I/01), WP (1/02) and HOLD (1/03), have to be
set to HIGH for 8 clock cycles.

matic store operation. Refer to the DC CHARACTER-
ISTICS table for the size of Coap.

To reduce un-needed non-volatile stores, Power
STORE operation will be ignored unless at least one
WRITE operation has taken place since the most
recent STORE or RECALL cycle. The PowerSTORE
Operation is valid for memory array and all non-volatile
registers in parallel. The Read Status Register is dis-
abled and no monitoring is possible when a Power
STORE cycle is in progress.

The PowerSTORE function can also be disabled by
setting PDIS of status register to 1.

E o\ /-

SCK
Si-1/00 XXX+ + 1 L
SO-1/o1L XXt + 1 1 1 11
VW)_|/02XXXXX>/1 11 1 1 11
|_|0T)_|/03XXXXX>/1 11 1 1 11

Default Recovery Sequence
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ANV32AA3P

ABSOLUTE MAXIMUM RATINGS?

Voltage on Input Relative to Ground. .. ........... -0.5V to 2.4V
Voltage on V¢ Relative to Ground . ............. —0.5V to 4.1V
Voltage on Input Relative to Veeg -+ - - - - -0.5V to (Vg + 0.5V)
TemperatureunderBias . . ................... —55°C to 125°C
Storage Temperature .. ..................... —65°C to 150°C

a. Stresses greater than those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. This is a stress rating only, and func-
tional operation of the device at conditions above those indicated in the opera-
tional sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect reliability.

Operating Conditions

Power Dissipation. . .. .......... . 0.5W
DC Output Current (1 output at a time, 1s duration). . ... ... 15mA
Maximum accumulated storage time at 150°C. ........ 0.3 years
Maximum accumulated time under Bias at 125°C . . .. .. 0.5 years
Static discharge voltage (HBM) ............ .. ... ...... > 2kV
Latchupecurrent .. ... > 100mA

ANV32AA3P ,
Symbol Parameter - Unit
Min. Max.
Vee Core Supply Voltage 2.7 3.6 \
Veeo 1/0 Power Supply Voltage 1.65 1.95 \
DC CHARACTERISTICS Vee/V=27-3.6
COMMERCIAL INDUSTRIAL
SYMBOL PARAMETER UNITS NOTES
MIN MAX MIN MAX
leey Average V¢ Current at 108 MHz 20 20 mA Byte READ to Byte WRITE ratio 1:1
Vin < 0.2Vecq 0f 2 0.8Vcq in QPI Mode
ICCQla Average Vccq Current at 108 MHz 1 1 mA Byte READ to Byte WRITE ratio 1:1
Vin £ 0.2Vccq OF 2 0.8Vccq in QPI Mode
ICCZh Average V¢ Current during STORE 2 2 mA All Inputs Don't Care, V¢ = max
lees Average V¢ Current at 66 MHz 5 5 mA Byte READ to Byte WRITE ratio 1:1,
Vin £0.2Vecq or 2 0.8Vccq in SPI Mode
Isg;° Average Vccq Current Standby 10 10 WA E> V|4, Cycling input levels
IsB,° Ve Standby Current E>(Vceo-02V)
200 250 WA All Others Vi < 0.2V or > (Vgeg - 0.2V)
Isgn Hibernate Standby Current 3 5 WA on Vec pin
liLk Input Leakage Current 43 43 LA VCCS, =max
VN = Vss to Veeg
loLk Off-State Output Leakage Current +3 +3 WA VCCS, = max _
ViN=Vssto Vecq E2Viy
Vi Input Logic “1” Voltage 0.8Vceo Veeq +0.5 0.8Vceo Veeq +0.5 \ All Inputs
\n Input Logic “0” Voltage Vgg—0.5 0.2Veeo Vgg—0.5 0.2Veeo \ All Inputs
Von Output Logic “1” Voltage Veeg0.5 Veeg-0.5 \ lout =—2.0 MA
VoL Output Logic “0” Voltage 0.4 0.4 \ lout =2 MA
Ta Operating Temperature 0 70 -40 85 °C
Cecap Storage Capacitor 48 100 48 100 uF 6.3V (effective capacitance>27uF)
NV¢e non-volatile STORE operations 100 100 K
DATAR Data Retention 100 100 Years @55 °C
Note a: lccq, dependents on output loading and cycle rate. The specified values are obtained with outputs unloaded.

Note b: Icc, is the average current required for the duration of the respective STORE cycles (tstore) -

Note c:

E >V, will not produce standby current levels until any non-volatile cycle in progress has timed out.
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ANV32AA3P

Symbol
Switching Characteristics Min. Max. Unit
Alt. IEC
SCK Clock Frequency fsck fc 0 108 MHz
Chip Enable Setup Time tess tsuE) 4 ns
/E High Time tcs tp 4 ns
/E Hold Time tcsh th) 4 ns
Clock Setup time tsksH tsuc) 2 ns
Clock High Time ¢ teln tg 4 ns
Clock Low Time ¢ tewL tg 4 ns
Clock Rise Time trc t; 60 ns
Clock Fall Time trc tg 60 ns
Input Rise Time trRD 60 ns
Input Fall Time tep 60 ns
Data Setup Time tbsu tsu() 2 ns
Data Hold Time toH th) 2 ns
/HOLD Hold Time ty thH) 2 ns
/HOLD Setup Time thsu tsu(H) 0 ns
Output Disable Time tois tais(E) 8 ns
Clock Low to Output Valid ty ten(c) 6 ns
Output Hold Time tho tho) 0 ns
/HOLD High to Output Low-Z tz ten(H) 6 ns
/HOLD Low to Output High-Z thz tis(H) 6 ns

®ton * ter 2 1/ fsex

AC TEST CONDITIONS L8y
InputPulse Levels .. ......... .. ... 0V to 1.8V
Input Rise and Fall Times (10%-90%) .................. <1.8ns 450 Ohms
Input and Output Timing Reference Levels . .............. 0.9V
OutputLoad. . ...... ..ot See Figure 1
OUTPUT L
30 pF
450 Ohms INCLUDING
d ° SCOPE AND
CAPACITANCE (T = 25°C, f = 1.0MHz) FIXTURE
SYMBOL PARAMETER MAX | UNITS | CONDITIONS — —
Cin Input Capacitance 5 pF AV =0to 1.8V
Cout Output Capacitance 7 pF AV =0t01.8V

Note d: These parameters are guaranteed but not tested.

Figure 1. AC Output Loading
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PowerStore/Power-Up RECALL

SYMBOLS ANV32AA3P
NO. PARAMETER UNITS NOTES
Standard Alternate MIN MAX
1 tRESTORE Power-up RECALL Duration 200 us e
2 tsTORE STORE Cycle Duration 8 ms
3 VswitcH Low Voltage Trigger Level 23 2.65 \
4 tycCRISE Vc rise time 100 us
5 tRECALL RECALL Duration (normal operating conditions) 50 us f
6 taHys tHLox STORE Cycle Duration HSB controlled 8 ms
7 tais(H)s thioz HSB Low to Inhibit On 50 ns
8 tenH)s tHHox HSB High to Inhibit Off 50 ns
9 tw(H)s tHLHX External HSB Puls Width 20 ns
10 louTH1 I4sgOL HSB Output Low Current 3 mA
11 louTHz2 IysgOH HSB Output High Current 5 60 WA
Note e: tresTore Starts from the time V¢ rises above Vg tch-

Note f: VCC >VCCmin

PowerStore/Power-Up RECALL

Brown out without

vV STORE no SRAM Brown out with Brown out with _| >
cc WRITE before PowerStore PowerStore tvecrise
N - - - >l
V switcH
tRESTORE tRESTORE tRESTORE /| tResTORE
Power-Up RECALL J
HSBint tstore tstore
-

st XXX vt e XOXXXXXX e XN AXXXX
High-Z valid valid
so  XXRHXX e )

Hardware Controlled Store

toH)s
tais(H)s
-« > ten(rys
tw(H)S - >
O\
HSBex X

WB"“ High-Z

N &

S vaigdaa OO0
SO valid data High-Z
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Hibernate

E \
Hibernate tRESTORE
012345617

S U U O U

Instruction Instruction
—

Si X001\ /T 1 1\2_0 /100000

so High-Z

STORE/RECALL CYCLE (Vee > Veemin)

5 trecalL
instruction 2 tstore |

. < .
sck 1 THUUUUUL

ST 0.0.0.0.0 00 OV

SO High-Z

A
4

ml

Serial Input Timing

thiey,

tsu)

Serial Output Timing

E
SCK

b ,
SO —— T xX LSB Out

_________________________ —=T® - - - - - - - - - - - - - - - - -
S| AddrLsB In X
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Hold Timing
E
TT—— T ——
sck TN N U
< llistH), ten(H)
High-Z iy
o) he - - — X X
Hoo N _/

Product Versions

The ANV32AA3P is available with the following feature sets:

- Supply voltage range 2.7V to 3.6V

Initial Delivery State

The device is delivered with Status Register 00xx00xx, non-volatile memory array ,0".

NOISE CONSIDERATIONS

The ANV32AAS3P is a high-speed memory and so must
have a high-frequency bypass capacitor of approxi-
mately 0.1pF connected between Vg and Vg, using
leads and traces that are as short as possible. As with
all high-speed CMOS ICs, normal careful routing of
power, ground and signals will help prevent noise prob-
lems.
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Package
24 Ball FBGA (6x8)

=[0.20[ C]
6.00 + 0.05 @
[Al-< > 5 4 3 2 1
—» <—|o 0.10/ C
A
AL n |© 8
index =P =i
area § <0
; \
A 10/0) &0 O O A
| o
N A
@@
B n f H | H N O O O O B
o H
SP |4
c - O 0O O O 0O |c
S D
® o
D oE O O O O O |b
o
(@]
2 D £ % O O & © |E
(]
D & g
> C] o
A/ 0.21 min. \
i
1 2 3 4 5 (0.31 nom.) - > «—1.00
0.60 +0.05 1.000
000005 | 4
+0.08
< >1'12-0.10
Top view Side view Bottom view
24 solder balls
mm inches
Symbol - -
typ. min. max typ. min. max.
A 0.85 0.8 0.9 0.0335 0.0315 0.0354
Al 0.02 0.00 0.05 0.0008 0.0000 0.0020
A2 0.20 0.0079
A3 0,20 0.0079
b 0.40 0.35 0.45 00157 0.0138 0.0177
D 5.00 0.1969
D2 4.20 4.10 4.30 0.1654 0.1614 0.1693
E 6.00 0.2362
E2 3.40 3.30 3.50 0.1339 0.1299 0.1378
e 1.27 0.0500
0.45 0.50 0.55 0.0177 0.0197 0.0217
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Ordering Information

ANV32AA3PBCI108 _

| Lead Finish
Blank = SAC 105

Clock Rate
108= 108MHz

Temperature Range
C = Commercial (0 to 70°C)
K = Industrial (-40 to 85°C)

Package
B = BGA24

Power Supply
P=2.7V .. 3.6V/1.65V ... 1.95V

Interface
3=QPI

Density
A =1Mb

Version
A = initial version

Store Type

2 = PowerStore

Memory Type
3= serial nvSRAM
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Document Revision History
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